Successful methods to control the damaging weed mold Chaetomium olivaceum (olive green mold) in mushroom beds are not known. An effective antibiotic (named chaetomacin) against C. olivaceum was isolated from a thermophilic Bacillus sp. This compound was shown to be an extremely potent and stable antibiotic, effective over a wide range of both pH (2 to 10) and temperature (-15 to 150°C ). Chaetomacin is soluble in most polar solvents and insoluble in nonpolar solvents. It is produced only at mesophilic temperatures and is also active against other Bacillus spp. and various eucaryotes, but it demonstrates no activity against gram-negative rods or gram-positive cocci. Final purification of chaetomacin was accomplished through thin-layer chromatography on silica gel analytical plates. Amino acid analysis revealed the antibiotic to be a peptide, acidic in nature. Examination of the literature reveals no other previously isolated antibiotics identical to chaetomacin.
The commercial cultivation of the common white mushroom, Agaricus bisporus Lange (Agaricus brunnescens), is now one of the most intensive and most technically demanding of all vegetable cultivations practiced throughout the world (8, 14) . Although methods in mushroom production may seem to be well defined, the production of high yields of consistent quality is quite challenging. Economic yields require that a grower use the best techniques pertaining to fungal physiology and disease protection (17) . However, because of the current nature of the growing environment (i.e., use of animal manures, plant materials, chemical fertilizers, and other agricultural residues as substrates), the cultivation of mushrooms continues to be susceptible to many competitive organisms and weed fungi (4), causing a substantial loss to the grower due to decreased yields (10, 16) .
Chaetomium olivaceum, more commonly known as olive green mold, is one of the most common weed molds occurring in commercial mushroom beds (1) . Olive green mold is a croprophilous fungus which inhibits the growth of mushroom mycelium by competition for nutrients (5, 7), or through some toxic factor. It has been known to reduce yields and often to cause complete crop failure (10, 12) . The spores of olive green mold are widely distributed in nature and are extremely heat resistant (1, 5, 6, 9) . Furthermore, Chaetomium spp. are known to produce a wide variety of mycotoxins (e.g., sterigmatocystin, oosporein, cochliodinol, chaetoglobosins) (2, 3, 13) . There are no known means of successfully controlling this pest (18) .
Previous research (16) 8 ,000 rpm (10,400 x g; GSA rotor) in a Sorvall RC2-B (0°C) for 30 min and filtered through a 0.22-,um Millipore filter. The filtrate was then freeze-dried, reconstituted in cold, sterile, distilled water, and extracted with nbutanol. Samples were soaked onto filter paper disks, placed onto TSY agar plates, and sprayed with C. olivaceum. Blanks of n-butanol alone were also tested. Plates were examined daily for zones of fungal inhibition (250C).
Temperature stability. A 0. 1-ml sample of the n-butanolextracted antibiotic was placed into a series of 100-,ul pipettes and given one of the following treatments in duplicate: (i) heated (dry) at 25, 50, 75, 125, and 150°C for 1, 5, 10, and 15 min or (ii) frozen at -15°C for 48 h and 3 months. After treatments, the pipette contents were placed onto filter paper disks on TSY agar and challenged for activity against C. olivaceum (250C).
pH stability. The extracted inhibitor was adjusted to various pH levels (2 to 10) with either 1 N HCl or 1 N NaOH and tested for activity against C. olivaceum, using filter paper disks on TSY agar (25°C). pH-adjusted blanks of nbutanol were also tested against C. olivaceum.
Solvent solubility. The solvent solubility of the antibiotic was determined in water, n-butanol, n-propanol, ispropanol, ethanol, methanol, acetone, pyridine, dioxane, ethyl acetate, chloroform, toluene, hexane, benzene, petroleum ether, carbon tetrachloride, and cyclohexanol. The solvents were all of reagent, ACS, or USP grade.
Spectrum of activity of antibiotic. Bacillus AOG was streaked once across a TSY agar plate and incubated for 20 h at 55°C. After incubation, various test organisms (Table 1) were streaked on the same TSY plate at right angles to the streak of the Bacillus sp. All test organisms had already been grown on TSY agar for a minimum of 48 h.
Plates were incubated in duplicate at both 37 and 25°C for 4 days. The antibiotic was determined to be effective against those microorganisms which demonstrated a lack of growth in the vicinity of the Bacillus AOG streak after incubation. Rf values of appropriate bands were calculated and recorded.
Location and characterization of TLC bands. Air-dried chromatograms were examined under both short-and longwave UV light (ChromatoVue; Ultra-Violet Products, Inc., San Gabriel, Calif.). To locate the biologically active bands, 2.5 cm of a TLC plate was layered with a thin section of TSY agar, sprayed with C. olivaceum, and incubated at 25°C for 4 days. Chromatogram sections were observed daily for the presence of zones of inhibition.
As a check on this step, biologically active bands were also extracted from the chromatograms with n-butanol, and 0.1 ml was saturated onto filter paper disks (in duplicate observed. Hence, the antibiotic appears to be capable of activity and stability over an extensive spectrum of physical conditions.
Studies on the solvent solubility of the antibiotic demonstrated it to be soluble in polar solvents: water alone, nbutanol, ni-propanol, isopropanol, ethanol, methanol, dioxane, and acetone: whereas it is insoluble in chloroform, ethyl acetate, toluene, hexane, benzene, petroleum ether, and carbon tetrachloride. This antibiotic thus seems to be hydrophilic in nature.
It was found that the antibiotic demonstrated no suppression of growth of any gram-negative organisms or of the gram-positive cocci tested. However, when tested against Bacilllus siubtilis and Bacillus unegateriirn, it was found to be quite potent (Fig. 1) . Furthermore, the growth of the fungus Candida lipolytica was also inhibited. No inhibition of the other yeasts was indicated. Therefore, this antibiotic can be used effectively not only against C. oliv'aceum but also against some other microorganisms.
Purification of the antibiotic was conducted through TLC. Two UV-positive (i.e., visible under both short-and longwave light, but brighter under shortwave) bands with Rt values of 0.46 and 0.52 (analytical 0.2-mm plate) resulted in inhibition of C. olivfiacmn (i.e., biologically active bands from chromatograms developed in butanol-acetic acid-water solvent system). This inhibition was shown to be extremely stable on the TLC plates. The lower band (band I) appeared as a broad yellow band under shortwave UV light, whereas the upper band (band II) appeared as a narrow. light blue band.
Bands I and II, when sprayed with ninhydrin reagent, produced a violet color reaction, indicating the possible presence of amino acids (15) . Lipids were not observed in either band when TLC chromatograms were sprayed with either Rhodamine 6G or alpha-cyclodextrin. A phenol-sulfuric acid spray resulted in band I appearing light brown and band II appearing a medium brown color after plates were heated for 15 min at 100°C. These color reactions may denote the presence of sugars in the two biologically active bands (15) .
Rf values in methanol-chloroform-17% ammonium hydroxide were 0.27 for band I and 0.32 for band II. Bands on these plates were also shown to be biologically active and ninhydrin positive when layered with TSY agar and challenged with olive green mold, or when sprayed with ninhydrin reagent, respectively. Figure 2 shows the UV spectra of purified bands I and II. Band I demonstrated a fairly broad peak at 275 p.m and a Amino acid analysis of bands I and II from TLC revealed the inhibitor produced by Bacillus AOG to be a peptide antibiotic (Table 2 ). Both bands were relatively similar in amino acid composition. They both contained high amounts of tyrosine, serine, and aspartic and glutamic acids. Band I, however, contained approximately three times the amount An extensive examination of the literature concerning fungal peptide antibiotics reveals no known antibiotics with properties (e.g., amino acids, UV spectra, solvent solubility, etc.) identical to those observed in this investigation of the Bacillus AOG antibiotic. One may reasonably conclude, therefore, that the inhibitor produced by Bacillus AOG is a unique antibiotic compound and thus has been given the name chaetomacin. Chaetomacin could potentially be extended into the preparation of differential media and the protection of foods and plants from fungal invasion. 
